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APPENDIX  I 

SUJWARY  OF  PROPELLANT  COMBUSTION  PRODUCT  DATA 
OBTAINED  IN  THE  LITERATURE  SEARCH 


SUMMARY  OF  PROPELLANT  COMBUSTION  PRODUCT  DATA 
FROM  LITERATURE  SEARCH 


1.  Detonation  Calculations  (Special  Technical  Report  No.  13) 

Department  of  the  Army,  Edgewood  Arsenal 
Contract  DA-18-035-AMC-122(A) ,  1967.  AD822301. 

This  report  is  largely  concerned  with  the  origins  of  muzzle  flash.  The 
propellants  listed  in  Table  1  were  considered. 


TABLE  1.  CALCULATION  INPUT  PARAMETERS  FOR  PURE  EXPLOSIVES 


Chemical  Name 

Formul a 

Formul a 
Wei ght 

Oxygen 

Balance3 

Crystal 

Density, 

g/cc 

Heat 

Format 

TcaTT- 

mol 

of 

ion 

kcal /g 

Pentaerythitol  tetra- 
nitrate  (PETN) 

C5  Hg  M,  Oi 

2  316.2 

-10.0 

1.77 

-125.0 

-0.395 

Cyclotrimethylene- 
trinitramine  (RDX) 

C3  Hg  Ng  Oe 

222.1 

-22.0 

1.80 

+14.71 

+0.066 

Cyclotetramethylene- 
tetranitrami ne  ( HMX) 

C4  H9  Ne  Oa 

296.2 

-22.0 

1.90 

+17.93 

+0.061 

Trinitrotoluene  (TNT) 

C7  H5  N3O6 

227.1 

-74.0 

1.64 

-17.81 

-0.078 

Ammonium  perchlorate 
(AP) 

NH4,C104 

117.5 

+34. lb 

1.95 

-69.42 

-0.591 

Ammonium  nitrate  (AN) 

NH4NO3 

80.0 

+20.0 

1.73 

-87.27 

-1.091 

a  Oxygen  balance  =  -  _ 

1600 

[2  C  atoms 

+  il  atom  - 

0  atoml. 

formula  wt  2 

b  Assuming  Cl  atoms  form  HC1 . 


Theoretical  product  compositions  were  calculated  using  two  models  (LASL 
and  SRI).  Typical  results  are  shown  in  Table  2.  In  one  case  the  calculated 
combustion  product  compositions  were  compared  with  some  experimental  values 
obtained  by  the  author.  No  details  of  the  experimental  methods  were  given. 
The  results  are  shown  in  Table  3. 
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TABLE  2.  CALCULATED  PRODUCT  COMPOSITIONS 
[Mol  el] 


HMX , 

TNT, 

TNT, 

RDX , 

Po  = 

1.6  g/cc 

Po  = 

1.6  g/cc 

oo  =  1.6 

g/cc 

r> 

0 

11 

►— * 

CTi 

g/cc 

Product 

LASL 

SRI 

LASL 

SRI 

LASL 

SRI 

LASL 

SRI 

CO2 

15.9 

17.3 

14.3 

13.4 

11.4 

17.1 

16.5 

18.0 

CO 

1.5 

2.6 

2.1 

1.3 

9.5 

7.7 

0.2 

1.0 

ch4 

-- 

1.4 

— 

2.7 

— 

3.2 

-- 

0.8 

C(s) 

15.9 

14.2 

46.7 

44.1 

42.8 

40.2 

16.5 

14.4 

h2o 

33.3 

30.6 

22.7 

17.7 

22.4 

16.6 

33.3 

31.3 

h2 

-- 

-- 

— 

— 

0.2 

0.3 

-- 

-- 

nh3 

— 

1.2 

— 

0.7 

— 

0.7 

— 

0.9 

n2 

33.3 

32.2 

13.6 

14.1 

13.6 

14.3 

33.3 

33.7 

TABLE  3.  COMPARISON  OF  CALCULATED  AND  EXPERIMENTAL 
PRODUCT  COMPOSITIONS  FOR  PETN 

EXPANDED 

Experimental 

Calculated 

Cal  cul ated 
for  BKW  Isentrope 

Product 

Confined 

Unconfined 

for  Detonation  State 

at  1500-1800K 

p 0  (g/cc) 

1.74 

1.74 

1.77 

1.00 

1.74 

Products 

(mole/mole 

PETN) 

- 

C02 

3.39 

3.50 

3.95 

3.04 

4.0-4. 1 

CO 

1.69 

1.56 

0.096 

0.96 

0. 5-0.6 

CHu 

0.003 

<0.0002 

<0.0002 

0.0002 

0.3-0. 4 

C(s) 

None 

None 

0.951 

None 

None 

h2o 

3.50 

3.45 

4.00 

3.94 

3. 2-3. 3 

h2 

0.45 

0.51 

<0.0002 

0.050 

0.02-0.05 

nh3 

0.037 

<0.0002 

<0.0002 

0.004 

0.04-0.06 

n2 

2.00 

2.00 

2.00 

1.99+ 

2.0 
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!.  Solid  Prouellant  Combustion  Gas  Analysis 
Using  a  Micrometer  Technique 

U.S.  Air  Force,  Edwards  Air  Force  Base 
Contract  AFRPL-TR-69-53 ,  1969.  AD851089. 

The  combustion  products  from  two  composite  formulations  containing 
16%  A1  ,  68%  NHuClOu,  and  16%  unspecified  binder  and  15%  A1 ,  30%  NHuClOu,  and 
55%  unspecified  binder,  were  determined  experimentally .  A  small  micro- 
combustor  shown  in  Figure  1  was  vented  into  a  large  chamber  at  reduced  pres¬ 
sure  (250  mm  Hg)  containing  either  argon  or  air.  The  contained  effluents  were 
then  analyzed  directly  by  a  mass  spectrometer  within  a  period  of  30  s. 

Typical  results  are  shown  in  Tables  4  and  5. 


Figure  1.  Micromotor  design. 


TABLE  4.  COMPOSITE  PROPELLANT  FIRED  IN  ARGON 
[Composition  in  Mole%3 


IN  AIR  AND  ARGON 
[Composition  in  Mole%] 


Relative 


In  Figure  2  a  graph  of  the  combustion  product  decay  in  the  holding  chamber  as 
a  function  of  time  is  presented.  The  decay  of  the  species  was  attributed  to 
reaction  of  the  gases  or  adsorption  on  the  walls  of  the  chamber. 


Figure  2.  Combustion  products  decay  in  air  diluent. 
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3.  The  Composition  of  the  Exhaust  Products  of  Military  Weapons— 

A  Comparison  of  Calculated  anTTxperimental~lasu'lts 

Joint  USAARL-USAFA  Report,  USAFA  Report  R-1968  1970.  AD  871485. 

The  three  propellant  systems  shown  in  Table  6  were  the  subject  of  the 
investigation  described  in  the  project  title.  An  initial  literature  search, 
presumably  made  in  the  literature  prior  to  1970,  revealed  no  relevant  data  on 
the  systems  below.  Experimental  arrangements  for  sampling  gun  and  rocket 
propellant  system  effluents  were  constructed  as  indicated  in  Figures  3  and 

4.  Chemical  analyses  were  also  made  by  mass  spectrometry  on  the  collected 
species.  Aerosols  were  collected,  but  it  is  not  clear  if  they  were  chemically 
analyzed. 


TABLE  6.  PROPELLANT  AND  WEAPON  SYSTEMS 


Weapon 

7.62mm 

Caliber  .50 

2.75  in. 

Machine  Gun 

Machine  Gun 

FFAR 

Ammunition 

Cartridge, 

Cartridge, 

7.62mm,  NATO 

Caliber  .50, 

Ball 

M80 

M33 

— 

Propellant 

WC846 

WC860 

N-5 

Charge  Weight 

2.92  g 

15.99  g 

2.68  kg 

Component,  % 

WC846 

WC860 

N-5 

Nitrocellulose 

82.61a 

80.54a 

49.7 

%  Nitrogen 

13.12 

13.15 

12.6 

Nitroglycerine 

9.86a 

8.79a 

35.2 

Di phenyl  ami ne 

0.97a 

0.94a 

-- 

Dinitrotoluene 

0.57a 

-  - 

-- 

Graphite 

0.2 

0.2 

-- 

Moisture 

0.62 

1.13 

Volatiles 

0.37 

0.37 

-  - 

Di butyl phthal ate 

5.07a 

8. 1  la 

-  - 

Di ethyl phthal ate 

— 

— 

10.5 

2-Nitrodi phenyl  ami ne 

— 

— 

2.0 

Wax 

-- 

-- 

0.2 

Sodium  sulfate 

0.07a 

0.12a 

-  - 

Calcium  carbonate 

0.62a 

0.49a 

Potassium  nitrate 

-- 

0.73a 

Lead  salicylate 

-- 

-  - 

1.3 

Lead  2-ethyl hexoate 

-- 

-- 

1.1 

aReported  on  a  volatile-free  basis. 
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Figure  4.  Rocket  exhaust  sampling  apparatus  and  test  stand. 


The  specific  computer  program  used  in  the  theoretical  equilibrium 
calculations  was  not  identified.  The  data  base  was  the  then  existing  JANNAF 
tables.  To  simplify  the  calculation,  the  primer  compositions,  added 
stabilizers,  or  smoke  suppressants  were  not  included  in  the  computation. 

The  results  from  the  study  are  essentially  summarized  by  the  data 
presented  in  Tables  7  through  14.  In  Table  15,  the  chemical  species  intro¬ 
duced  into  the  computer  computation  are  presented.  It  is  at  once  apparent 
that  a  number  of  the  species  found  experimentally,  SCO,  CH3CHO,  and  Ce^  were 
not  included  in  the  computer  data  base. 
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TABLE  7.  COMPARISON  OF  RECONCILED  COMPUTER  AND  EXPERIMENTAL  RESULTS  FOR  SELECTED  EXHAUST 
COMPONENTS  OF  THE  2.75  In.  ROCKET  USING  N-5  PROPELLANT 

[Mole  Fractions] 
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C02  0.18E-00  0.20E-00  0.22E-00  0.25E-00  0.34E-02  0.68E-00  0.26E-00  0.42E-00 
CH4  0.91E-03  0.14E-02  0.35E-02  0.84E-02  0.39E-01  0.46E-01  0.10E-01  0.15E-01 
NH3  0.12E-02  0.98E-03  0.83E-03  0.76E-03  0.51E-03  0.11E-03  0.38E-02  0.10E-01 
N02  Exponents  range  from  -11  (50,000  psi)  to  -30  (14.7  psi)  0.20E-02  0.48E-02 
HCN  0.65E-03  0.36E-03  0.18E-03  0.10E-03  0.25E-04  0.23E-06  0.55E-03  0.10E-02 
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TABLE  10.  SPECIES  PREDICTED  BY  COMPUTATION  BUT  NOT  DETECTED 

BY  CHEMICAL  EXPERIMENTS* 


Component*5 

Formul a 

Typical 

Mole  Fraction 
Predicted 

Pressure  Used 
for  Calculation, 
psi 

Propel  1  ant 

Hydrogen 

H2 

0.26  E-00 

14.7 

N-5 

Carbon,  monatomic 

C 

0.97  E-17 

10,000 

WC846 

Water 

h2o 

0.94  E-01 

14.7 

N-5 

Nitroyen 

n2 

0.11  E-00 

14.7 

N-5 

Oxygen 

o2 

0.15  £-11 

10,000 

WC846 

Nitric  oxide 

NO 

0.36  E-08 

10,000 

WC846 

Methyl i dyne 

CH 

0.19  E-14 

10,000 

WC846 

Methylene 

ch2 

0.81  E-08 

10,000 

WC846 

Methyl 

ch3 

0.19  E-05 

10,000 

WC846 

Imidogen 

NH 

0.18  E-09 

10,000 

WC846 

Amidogen 

nh2 

0.62  E-07 

10,000 

WC846 

Cyanogen 

c2h2 

0.13  E-09 

10,000 

WC846 

Hydroxyl 

OH 

0.22  E-06 

10 ,000 

WC846 

Specific  examples 

of  typical 

results  given  for 

il  lustration. 

bGaseous  state. 


TABLE  11.  COMPONENTS  REPORTED  BY  CHEMICAL  ANALYSIS  BUT  NOT 
PREDICTED  IN  THE  COMPUTATION  RESULTS 


Component 

Typical 

Mole  Fraction 

Weapon 

Cyanogen 

0.50  E-03 

All 

Carbonyl  sulfide 

0.10  E-03 

Both  machine  guns 

Ben2ene 

0.10  E-04 

7.62  mm  machine  gun 

Acetaldehyde 

0.5U  E-U3 

Caliber  .50  machine  gun 

Hydrogen  chloride 

Trace 

Rocket  plume  only 

Sulfur  dioxide 

Trace 

Rocket  plume  only 

Copper  and  lead 

50  mg/m3  of  air 

Both  machine  guns 
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TABLE  12.  PROJECT  WEST  DATA,  CALIBER  .90  MACHINE  GUN 
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12  RCV  IR  26  14  9  640  0.09  7  0.03  2  —  —  —  . 
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TABLE  13.  PROJECT  NEST  DATA,  7.62M  MACHINE  GUN 
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TABLE  14.  PROJECT  BEST  DATA.  2.75  In.  ROCKET  (FFAR) 
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TANK  IR  37  11  19  1700  0.13  12 

PROBE  IR  120  55  51  930  0.47  9  —  —  --  —  —  —  — 

TANK  IR  50  13  27  2200  0.15  12  —  —  —  —  —  —  — 

TANK  102  —  ~6 

TANK  M  91  52  24  450  2.4  47  0.27  5  —  —  0.20  3  0.06 


TABLE  lb.  CHEMICAL  SPECIES  USED  IN  THEORETICAL  PERFORMANCE  CALCULATIONS 


Formula 

Species 

Formula 

Species 

C 

Carbon,  monatomic 

h2 

Hydrogen,  diatomic  (reference 
state,  gaseous) 

C2 

Carbon,  diatomic 

H20 

Water 

c3 

Carbon,  trimeric 

HCN 

Hydrogen  cyanide 

CH 

Methyl i dyne 

N 

Nitrogen,  diatomic 

ch2 

Methylene 

n2 

Nitrogen,  diatomic 

ch3 

Methyl 

NH 

Imidogen 

CH4 

Methane 

nh2 

Amidogen 

C2H2 

Acetylene 

nh3 

Ammonia 

C2N2 

Cyanogen 

NO 

Nitric  oxide 

CO 

Carbon  monoxide 

N02 

Nitrogen  dioxide 

C02 

Carbon  dioxide 

0 

Oxygen,  monatomic 

C(S) 

Carbon  (reference  state, 
graphite) 

02 

Oxygen,  diatomic 

H 

Hydrogen,  monatomic 

OH 

Hydroxyl 
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4.  Analysis  of  Exhaust  Gases  from  the  XM-19  Rifle — An  Application 
of  Gas  Chromatography/Mass  Spectrometry 

USA  Ballistic  Research  Laboratories,  Aberdeen  Proving  Grounds 
ROT  E  Project  No.  IJ563607D013,  1973.  AD  910937. 

The  above  chemical  analytical  technique  was  used  to  determine  the 
composition  of  gases  resulting  from  firing  the  XM-19  rifle  with  the  XM-645 
flechette  round  and  the  results  compared  with  theoretical  performance  calcu¬ 
lations.  The  experimental  sampling  arrangement  was  similar  to  that  used  in 
the  previous  study  with  the  rifle  mounted  in  a  suitable  stand.  Gas  samples 
were  withdrawn  from  the  enclosure  area,  after  firing  a  number  of  rounds,  in 
evacuated  glass  flasks.  In  addition,  some  cryogenic  trapping  procedures  were 
also  used.  No  attempt  to  collect  aerosol  samples  was  made. 

Theoretical  product  calculations  were  made  with  a  code  named  Blake--a 
modification  of  the  Tiger  code  developed  by  SRI  for  BRL.  The  modifications 
were  made  by  Dr.  E.  Freedman  of  BRL.  The  chetrical  species  included  in  the 
calculation  are  given  in  Table  16  and  the  propellant  composition  in  Table  17. 
Typical  results  from  the  program  are  presented  in  Table  18. 


TABLE  16.  LIST  OF  CHEMICAL  SPECIES 
INCLUDED  IN  THERMODYNAMIC 
CALCULATIONS3 


CO 

s 

H20 

02 

h2 

c2h2 

n2 

C2H4 

C02 

CNCN 

KOH 

OH 

H2S 

CN 

nh3 

HS 

hcn 

SO 

K 

ch3 

CH20 

H 

COS 

K0 

NO 

0 

S02 

N 

ch4 

C 

aAll  species  in  gaseous  state, 
except  C,  a  solid. 
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TABLE  17.  NOMINAL  COMPOSITION  OF  X-2374.13  PROPELLANT 

AND  PISTON  PRIMER 


Propellant 

Weight 

Component 

Wt% 

%  of  Total 
Weight3 

X-2374.13 

1.3  g 

Nitrocellulose 

85.0 

82.6 

Nitroglycerine 

9.4 

9.1 

Diphenyl  amine 

0.9 

.88 

Dinitrotoluene 

0.7 

.68 

Di butyl  phthalate 

2.8 

2.7 

Potassium  sulfate 

0.5 

.48 

Moisture  and  volatiles 

0.7 

.68 

Piston  Primer 

0.037  g 

Lead  styphnate 

37  +5 

1.02 

Tetracene 

4  +1 

.11 

Barium  nitrate 

32  +5 

.89 

Antimony  sulfide 

15  ±2 

.41 

Aluminum  powder 

7  +1 

.19 

PETN 

5  +1 

.14 

Total b 

1.337  Q 

100% 

aPercent  component  weight  of  total  charge;  propellant  and  primer. 


bTotal  weight  of  propellant  and  primer. 
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TABLE  18.  COMPARISON  OF  EXPERIMENTAL  AND  CALCULATED  PRODUCT 
CONCENTRATIONS  FOR  X-2374.13  PROPELLANT* 


Species 

Calculated 

Measured 

Species 

Cal  cul ated 

Measured 

CO 

1000 

(1000) 

C2H2 

2.86xl0"5 

>lb 

H20 

476 

dnmc 

C2H4 

3.80xl0-5 

h2 

389 

CNCN 

1.57X10-8 

.25 

n2 

289 

dnm 

OH 

5.97x10“* 

C02 

364 

380 

CN 

1.45x10-® 

KOH 

3.34 

HS 

3.73xl0'3 

H2S 

1.65 

SO 

8.27xl0-5 

NH3 

3.66xl0_1 

dnm 

CH3 

2.28x10-** 

HCN 

3.69X10'2 

dnm 

H 

1.01xl0“2 

K 

1.97xl0_1 

KO 

8.43xl0"7 

CH2O 

1.98x10-2 

0 

1.28x10"® 

COS 

1.18X10"1 

.25 

N 

3.10xl0“10 

NO 

1.08xl0"5 

dnm 

C3H4 

(NI)d 

<.l 

S02 

3.35xl0-4 

C3H6 

(NI) 

.1 

CH4 

3. 56xl0_1 

1 

C3H8 

(NI) 

<.l 

S 

8.29xl0“6 

c2h6 

(NI) 

dnm 

O2 

7.27xl0‘9 

dnm 

aValues  are  normalized  to  CO;  [(Concentration  of  component/concentration  of 
CO)  x  103] 

Measured  value  includes  both  C2H2  and  C2H4. 
cDetected,  but  did  not  quantify 
dNot  included  in  these  calculations. 
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5.  Reduced-Swoke  Solid  Propellant  Combustion  Products  Analysis- 
Development  of  a  Micromotor  Combustor  Technique 

U.S.  Air  Force,  Edwards  Air  Force  Base 
Job  Order  No.  573010CN,  1976.  AO  A032152. 

A  small  motor  was  developed  to  burn  a  few  grams  of  the  rocket  propellant 
given  in  Table  19  at  pressures  from  200-1500  psi  with  subsequent  analysis  of 
nine  condensable  gases  by  gas  chromatography  and  mass  spectrometry.  For  the 
former  technique,  gas  samples  of  the  combustion  effluents  were  collected  in 
evacuated  glass  flasks  or  metal  cylinders.  In  the  latter  technique,  a  water- 
cooled  probe  was  used  to  sample  directly  into  the  mass  spectrometer  from  the 
motor  exit  nozzle.  Typical  analytical  data  are  shown  in  Tables  20  and  21 
where  the  results  of  theoretical  calculations  are  also  given  for  comparison. 
No  details  of  the  theoretical  computations  were  given. 


TABLE  19.  ROCKET  PROPELLANT  COMPOSITION 


Ingredient 

Wt% 

Binder 

12.5 

Ammonium  perchlorate 

85.0 

Zirconium  carbide 

0.5 

Graphite 

1.0 

Aluminum  oxide 

0.5 

Ferric  fluoride 

0.5 
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TABLE  20.  COMBINED  ANALYTICAL  DATA 
[Reduced-Smoke  Propellant,  Combustion  Gas  Composition] 


Species 

Mass 

Spectral 

Mean 

Gas 

Chromatographic 

Mean 

Combi ned 

Mean 

Theoretical 

Data 

h2 

20.1 

20.1 

20.1 

16.1 

n2 

53.4 

21.6 

21.6 

23.2 

CO 

31.2 

31.2 

33.2 

C02 

26.0 

26.9 

26.5 

27.6 

CH4 

0.19 

0.13 

0.16 

— 

C2H2 

0.15 

0.06 

0.11 

— 

02 

0.23 

— 

0.23 

0.21 

Ratio 

CO/CO2 

1.177 

1.202 

N2/CO2 

0.815 

0.841 

H2/C02 

0.758 

0.583 
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TABLE  21.  HIGH  PRESSURE  COMBUSTION  GAS  CORRELATION 


Species 

High, 

1500  psi 

Average, 
350-1000  psi 

Theoretical , 
500-1500  psi 

h2 

22.0 

20.1 

16.1 

n2 

20.3 

21.6 

23.2 

CO 

33.1 

31.2 

33.2 

C02 

24.2 

26.5 

27.6 

CH4 

0.16 

0.16 

-- 

C2H2 

— 

0.11 

— 

02 

0.14 

0.23 

0.21 

Ratio 

CO/CO2 

1.37 

1.18 

1.20 

N2/CO2 

0.84 

0.82 

0.84 

H2/CO2 

0.91 

0.76 

0.58 
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6.  Summary  of  Airborne  Chlorine  and  Hydrogen  Chloride  Gas  Measurements 
for  August  10  and  September  b,  1377,  Voyager  Launches 
at  Air  Force  Eastern  Test  Range,  Florida 

NASA  Technical  Memorandum  78673,  1978. 

This  program  presents  the  results  of  an  airborne  sampling  program  in  the 
wakes  of  Titan  rockets.  Measurements  were  made  from  about  2  min  after  launch 
to  as  long  as  4-1/2  h  after  launch.  All  sampling  was  at  an  altitude  of  500- 
1500  m  at  distances  out  to  100  km  from  the  launch  pad.  Maximum  observed 
hydrogen  chloride  concentrations  for  both  launches  was  *25-30  ppm  occurring 
2-6  min  after  launch.  Maxima  in  the  chlorine  concentration  at  40-55  ppb 
occurred  in  the  same  time  frame.  Details  of  the  analytical  techniques  were 
given.  In  addition,  the  exhaust  product  composition  from  a  Titan  rocket  was 
given.  This  is  shown  in  Table  22. 


TABLE  22.  EXHAUST  PRODUCT  COMPOSITION 


Species 

Formula 

Mass  Fraction 
Afterburned 
Plume3 

Nominal 

Cone,  in  Stabilized 
Ground  Cloudb 

Aluminum  oxide 

A1203 

30.4 

1000-3000  gg/m3 

Carbon  monoxide 

CO 

.1 

<1  ppm 

Hydrogen  chloride 

HC1 

20.4 

5-40  ppm 

Water  vapor 

H20 

21.9 

__c 

Carbon  dioxide 

C02 

48.0 

Ambient  Values 

Chlorine 

Cl  2 

2.3 

_ d 

Nitrogen  oxide 

NO 

1.2 

200-800  ppb 

Others 

— 

0.6 

__c 

includes  only  that  entrained  air  combusted  in  afterburning;  total  mass  frac¬ 
tion  is  greater  than  100%  as  reference  mass  for  calculation  is  exhaust 
effluents  from  the  motors. 

bRange  of  nominal  concentrations  measured  in  earlier  Titan  III  monitoring 
programs  (Refs.  2-6  of  NASA  TM-78673). 

cNot  measures  in  monitoring  program. 

dNot  measured  in  previous  monitoring  program. 
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Toxicological  and  Recalcitrant  Properties  of  a  Proposed  Propellant 
Mauri  noguanidine  Nitrate  (TAfeN)  Analysis  of  tHe 
ayration  By-Products  of  a  TAGN-Based  Propel j ant 


U.S.  Air  Force,  Eglin  Air  Force  Base,  Florida 
Report  No.  AFATL-TR-76-161 ,  1976.  AD  A041050. 


The  propellant  formulations  listed  in  Table  23  were  subject  to  combustion 
in  closed  bombs  at  terminal  pressures  in  the  range  of  11,500  to  31,000  psi , 
and  the  combustion  products  were  analyzed  by  gas  chromatography.  The  results 
are  presented  in  Table  24. 
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TABLE  23.  FORMULATIONS  OF  THE  VARIOUS  PROPELLANTS 
USED  IN  THIS  STUDY 


Propellant 

Chemical  Composition 

%  Total* 

Hercules'  GAU-8 

Nitrocellulose  (NC) 

82.30 

Extract 

Nitroglycerine  (NG) 

9.37 

Dibutyl  phthalate  (DBP) 

4.17 

Diphenyl  amine  (DPA) 

0.54 

Potassium  nitrate  (KNO3) 

0.56 

Hercote  C5  >lu2H8 .75^1 .838 

3.06 

Rocketdyne's 

Nitrocellulose  (NC) 

19.00 

RGP-150 

Triaminoguanidine  nitrate  (TAGN) 

45.00 

Cycl otetramethyl enetetrani trami ne  ( HMX) 

30.00 

Isodecyl  pelargonate  (IDP) 

5.00 

Resorcinol 

1.00 

M-10 

Nitrocellulose  (NC) 

97.40 

Diphenyl  amine  (DPA) 

1.00 

Graphite  glaze 

0.10 

Carbon  black 

0.50 

Potassium  sulfate  (K2SO4) 

1.00 

Triple  Base 

Nitrocellulose  (NC) 

28.04 

Nitroglycerine  (NG) 

20.12 

Ethyl  cellulose  (EC) 

1.00 

Potassium  sulfate  (K2SO4) 

0.25 

Nitroguanidine  (NQ) 

50.59 

WC870 

Nitrocellulose  (NC) 

80.23 

Nitroglycerine  (NG) 

9.66 

Diphenyl  amine  (DPA) 

1.06 

Potassium  nitrate  (KNO3) 

0.50 

Di butyl phthalate  (DBP) 

7.38 

Potassium  sulfate  ( K2 SCX* ) 

0.38 

Dinitrotoluene  (DNT) 

0.52 

Calcium  carbonate  (CaCOs) 

0.05 

Sodium  sulfate  (Na2S0t.) 

0.12 

Graphite 

0.10 

♦Among  product  batches,  it  is  common  to  have  minor  variations  in  constituent 
percentages . 
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APPENDIX  II 


THEORETICAL  COMBUSTION  PRODUCT  CALCULATIONS  FOR  THE  WC844  PROPELLANT 
ASSUMING  EQUILIBRIUM  AND  FROZEN  COMPOSITIONS  DURING  EXPANSION 
AT  INITIAL  PRODUCT  PRESSURES  OF  20,000,  30,000, 

40,000,  50,000,  AND  60,000  psi 
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TABLE  25.  THEORETICAL  ROCKET  PERFORMANCE  ASSUMING  EQUILIBRIUM  COMPOSITION  DURING  EXPANSION  (page  1  of  2) 

[10,000  psl] 


TABLE  25.  THEORETICAL  ROCKET  PERFORMANCE  ASSUMING  EQUILIBRIUM  COMPOSITION  DURING  EXPANSION  (page  2  of  2) 

[10,000  psi] 
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